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Abstract 

To take a physics course blind students must be assisted using teaching methods and aids adapted to 
their own perception capabilities. Touchable objects are very important for them because they have huge 
difficulties to visualize the third spatial dimension. However, appropriate resources and methods for 
blind students are not yet available. In this study, the researcher developed a material , KAGOAD, to use 
for curved mirrors' structure. Blind students may easily use it by touching and material what they 
learned about principles of curved mirrors. It was tested whether they can solve a University Entrance 
Exam question. Success of normal blind inborn students indicated that being blind inborn is not a barrier 
for learning light concept on curved mirrors. 

Introduction 

According to a report, published by Altrnokta Blind Association in 2009, in Turkey, among 15,000 blind 
children who are at the school age, only 10 % of these students use educational facilities and only 2,5 % 
of blind children reach university level. However, education is humans' natural right without distinction 
of any kind in pursuant of second article of the Universal Declaration of Human Rights. Having a 
chance to learn physics is a kind of human right due to the fact that physics endeavor to explain our 
world and its structure. However, at this point, blind students have two main disadvantages: physics is a 

1 This study was presented at Turkish Physics Society's 26th International Physics Conference held in Bodrum in Turkey, 
Abstracts Book page: 224, 24-27 September 2009.. 
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difficult subject, and for blind students appropriate sources and methods are not yet available. Touchable 
objects are very important for them because they have huge difficulty to visualize the third spatial 
dimension (Sevilla, Ortega & Sanches, 1991). The number of blind physicist is very few. All of the 
physicists who are mentioned in the literature became blind after their education has been completed 
(Bulbul, 2009). If a blind student has an interest on physics, he may only listen some audio books or 
read some Braille text which may not be enough to get doctoral degree. 

At the beginning of school, blind students start with an important difference about observing life 
in contrast students who have visual ability. Closing this distance is not an easy task without an expert 
help (Eng, 2005). It has high probability that visual life is fresh in blind child's mind if he has lost his 
ability after five years old age (Ozgiir, 2008). Learning the concept of space, for instance, becomes 
easier if he learns the concept of light before being blind. Although these learners have chance to learn 
these concepts, when it comes to blind inborn learners the difficulties are obvious. For example; the 
blind inborn students' color concept is based only on verbal information. On this account, studying with 
blind inborn students will lead to the development of some areas that are also applicable to students with 
varying degrees of sight lost. 

There are some talented students with special needs (Cooper, Baum & Neu, 2004) and the 
method which the teachers use may reveal their talents. This kind of teaching should include both 
talented and normal students with special needs. Therefore we should study with normal blind inborn 
student (NBIS) while a teaching material is being developed, NBISs should be taken into account. 

The indicator is University Entrance Examination (UEE) for whether sighted students have 
learned the subject matter. If they solve curved mirrors problem, this means they understand the 
mechanism of curved mirrors. It is impossible to solve curved mirror problems with information which 
the students memorized, so the blind students can not select the correct answer. By asking UEE 
question, validity and reliability problem of instrument will be removed. If the question in UEE is valid 
and reliable for testing the sufficiency of sighted students' knowledge, it is also valid and reliable for 
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blind students for the same subject. In UEE, blind students are exempt from questions with geometric 
shapes. Unfortunately, most of the physics questions include figures. If we achieve to help blind student 
with a new material to solve an UEE question about curved mirrors, there will be proof that blind 
students can learn and solve every physics concept with suitable materials. This research asks whether it 
is possible for a NBIS to learn curved mirrors subject and answer the question without memorizing the 
relevant information. 

Method 

In order to answer this question, two instruments were developed: KAGOAD, which stands for 
“Kiiresel Aynalarda Goriintiiniin 01u§umunu Anlatan Diizenek” in Turkish and is a mechanism designed 
to give information about the formation of images in curved mirrors, and a user's guide of KAGOAD for 
the teacher and/or the student's friend. Thereby the blind student will study the subject learned in the 
lesson as other sighted students do with his/her friend's voice. The guide explains the curved mirrors' 
structure step by step with numbers. If the steps were not numbered, students would have some 
difficulties in recognizing them. 

By preparing the guide of KAGOAD, we eliminate the possible effect of the data collector. 
During their lessons, teachers may mention both relevant and irrelevant subjects, which will make it 
difficult for a NBIS to follow the lesson. In this study, the teacher's role was to read out the guide of 
KAGOAD and to follow the procedure by answering NBIS's questions. 

There are 29 articles in KAGOAD guide. Twelve of them describe parts of it and explain how 
NBIS will use it. Eleven of the article are about curved mirrors and their construct and six of them are 
examples of the subject. At the end of the guide, the question asked in UEE in 1976, which is the only 
question just designed to test students' knowledge on curved mirrors was chosen to use for assessment. 
The purpose is to make sure whether the student has learned the subject. Gurrent UEE questions test 
students' knowledge about plate mirrors and curved mirrors together. Explaining how image forms in 
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plate mirrors is simpler than how it forms in curved mirrors, so the instrument is excluding plate mirrors 
does not affect the validity of it. Choosing the most difficult subject about the properties of light is more 
appropriate for our hypothesis. 

KAGOAD material includes four types of needles, a foam board, two ropes with needles in both 
ends, and some cubic sugars. Cubic sugars are preferred to demonstrate the length of the body and its 
image. Ropes are chosen to indicate how light propagates. Needles are used for concertizing lines for 
NBIS. A foam board is used due to its movable structure and cheap price. 

Before KAGOAD was designed, two experts' opinion had been taken to find out whether 
KAGOAD and its guide are adequate to teach curved mirrors. Materials were changed through experts' 
suggestions. One of the suggestions, as an example, was about adding colored drawing for person who 
helps NBIS. 

Our target population embraces all attending high school in the world to test whether blindness 
makes barrier to learn curved mirrors which is the most complex issue in optics. Our accessible 
population is all NBIS attending Turkish high school due to the language used in the instrument 
(Appendix). There is no formal data about their population; however, there are, approximately, 150 
students if we look at the difference between 1500 students who use educational facilities and 1349 
students who attend primary school according to Ministry of National Education's report, published in 
2008, for indicating the statistical values of special education. The most abnormal population is our 
sample population because the study would continue until finding the NBIS who solves UEE question 
by the help of KAGOAD. Therefore, the sample population may expand to our accessible population. 

The curved mirror subject is thought at 10* grade level in new Turkish Physics Gurriculum, so 
the NBIS we have chosen has no idea about the curved mirror subject before the application, she was 
attending 9* grade. The teacher participated in this study is not novice about teaching physics for blind 
students. After explaining our method, NBIS enjoyed KAGOAD and wanted to be a participant of the 
research. All corrected instruments were sent to NBIS and looked for an appropriate time to apply 
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KAGOAD. During the study she used video recorder and photo machine (figure 1). The teacher fixed 
the video to NBIS and started to read the guide of KAGOAD. 




Figure 1. NBIS, Eda, is using KAGOAD. 



At the end of the study, NBIS brought KAGOAD to her home and started to practice by listening 
the guide of KAGOAD. After three week later, she went near to the teacher to have an examination. The 
teacher had asked the UEE question and sent the records to the researcher. 

Result 

It was easy for NBIS to solve UEE question correctly. It had taken approximately 1,5 minutes 
with two repeat. To understand KAGOAD by touching and listening the guide at the same time was the 
only difficult during the first study. 

Conclution 

We may teach curved mirror subject to a NBIS with KAGOAD easily and NBIS can solve an 
UEE question related with curved mirrors successfully in an average time of UEE (1,083 minutes per 
question). 

Ghanging NBIS' Moira may be field of medicine; however, the reason for lack of large numbers 
of educated blind students has a correlation with educator's disinterestedness. In this study, no barrier 
was found for NBIS about learning physicists except our disinterestedness. 




Capra, Logiurato, Danese and Gratton (2006) suggested similar laboratory activity. They used 
thin sticks to demonstrate reflection and image formation. By this study, we also indicate other way, 
using the ropes and needles, how to teach light beams to blind students. 
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APPENDIX 



KURESEL AYNALARDA GORUNTUNUN 
OLU§UMUNUN ANLATILDIGI DUZENEK 
(KAGOAD) 

1 . Elinizdeki diizenek, kdpiik levha iizerine yerle§tirilmi§ ddrt tip igne, iplik ve cisimler ile cisimlerin 
goruntiilerini temsil eden §ekerlerden olu§maktadir. 




2. Elinize kiip §ekerleri alip inceleyin. Bu §ekerleri, gdruntusunii bulacagimiz cismin boyunu 
belirlemekte kullanacagiz. E§it uzunluktaki kenarlari birle§tirerek bir cisim olu§turacagiz. Bu cisim igin 
kag §eker kullanmi§ isek cisim o kadar §eker kenan boyunda sayilacak. Boylece gbriintunun boyunu 
konu§urken tekrar §ekerleri kullanip cismin boyu ile kar§ila§tirma yapabilecegiz. 

3, iki§er ignenin ucuna baglanmi§ iki adet ip bulunmaktadir. Bu igneler ve iplik, cisimden aynalara 
ula§acak olan i§ik i§mmi temsil etmektedir. Cismin gbruntusiinun yerini sbyleyebilmemiz igin en az iki 
farkli dogmltuda i§m gondermeli ve bunlann kesi§tigi noktayi bulmaliyiz. Bu amagla uglarmda igne 
bagli olan iki ip sistemde mevcuttur. 
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4. En az i§in gondererek goriintuyu bulabilmemiz igin iki ucunda igne olan ipliklerden birini alip ilk 
ignesinin saplandigi yerin cismin tepesinde olmasma dikkat etmeliyiz. igneli ipimizin bir ignesini 
§ekerden olu§turdugumuz cismin tepesine yapi§tiralim. 

5. ikinci ucunun saplandigi yerin onemi yoktur. Onemli olan ipin gergin olmasidir. ipin gergin olmasi, 
i§ik i§ininin dogmsal olmasi igin bnemlidir. Dolayisiyla ipin gali§ma boyunca gergin bigimde olmasma 
dikkat edilmelidir. 



6. Dbrt tip igne kullamldigim belirtmi§tik.Bu ignelerden; I. tip igneler raptiye olarak bilinen ba§ kismi 
diiz ve yuvarlak olan kisa boylu ignelerdir. Bu ignelerden toplam yedi adet kullanilmi§tir. 




7, II. tip igneler biiylik ba§li toplu ignelerdir. Bunlar ile gukur aynalari gali§acagiz. Bu igneler bir yay 
gizecek bigimde kbpiigiim iizerine yerle§tirilmi§tir. 




8. III. tip igneler kiigtik ba§li toplu ignelerdir. Bunlar ile tiimsek aynalari gali§acagiz. Bu igneler de bir 
yay gizecek §ekilde siralanmi§tir. 
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9. II. ve III. tip igneler birlikte bir gember olu§tumr. Bu iki tip igneni temas noktalannda I. tip igneler 
vardir. Bu temas noktalanndan iki tane oldugu igin I. tip ignelerinden iki tanesi temas noktalanna 
takilmi§tir. 

10. Kalan be§ I. tip igne ve III. tip igneler bir dogm tizerinde bulunur. Bu dogruya “asal eksen” denir. 

11. Asal eksen tizerindeki I. tip ignelerin merkezindeki I. tip igne “merkez noktasi” olarak adlandinlir. 
Merkez noktasi, II. ve III. tip ignelerin olu§turdugu gemberin merkezindedir. 

12. Merkez noktasmm sagmdaki ve solundaki iki tane I. tip igne “odak noktasi” olarak adlandinlir. 



13. Asal eksen iizerindeki iki ugta bulunan I. tip ignelerin bulundugu noktalar ise “tepe noktasi” olarak 
adlandirilirlar. 




14.(^ali§mamiz boyunca II. tip igneler sol, III. tip igneler sag tarafta olacak §ekilde bir konumda 
KAGOAD kullamlacaktir. 
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15. Bahsedilen konumda, KAGOAD kullanilirken, merkez noktasinin sol tarafmdaki gukur aynaya 
yakin I. tip igneye “gukur aynanin odak noktasi”, sag tarafmdaki tiimsek aynaya yakin I. tip igneye de 
“tiimsek aynanin odak noktasi” diyebiliriz. 

16. Goriintusunu bulmaya gali§acagimiz cisimler hep asal eksen iizerinde olacak §ekilde 
yerle§tirilecektir. Bbylece cismin gbriintusu de asal eksen iizerinde olacaktir. Ancak ters ya da diiz 
olmasi gibi farkliliklar gbsterecektir. 

17. IV. tip ignelerin ba§lari biiyiiktur ve kavisli bigime sahiptir. igne ba§lari agismdan en uzun ba§ kismi 
bu ignelerdedir. Bu igneler i§igin dogmsal ilerlemesini saglamak amaciyla kullanilir. Bu igneler, ipin iki 
ucunda ve serbest halde KAGOAD ’in iizerinde rast gele halde bulunur. ipin iizerinde bulunmayan IV. 
tip igneler i§igin asal eksene paralel gidebilmesi igin yardimci olarak kullamlmalidir. 




18. I., II. ve III. tip ignelerin aksine IV. tip igneler sabit degillerdir, her gah§mada farkh yerle§tirilebilir. 
I., II. ve III. tip ignelerin yerleri degi§tirilmemelidir. 

19. Gisimlerden gikan ya da yansiyarak ilerleyen i§inlar, hangi ayna iizerinden yansiyip goriintiiyii 
olu§turacaksa, o aynaya sag taraftan getirilmeli ama aynanin sol tarafma gegirilmemeli ve soldan saga 
dogru yani geldigi tarafa dogru yansimasi saglanmahdir. 
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20 . Goriintuyu olu§turmak igin en az iki i§in gonderilmelidir. (^ali§mamiz boyunca, ilk i§in asal eksene 
paralel gonderilecek ve odak noktasmdan gegirilecektir. Diger i§in odaktan gegirilip asal eksene paralel 
gidecek §ekilde yansitilacaktir. Yansiyan iki i§in ya da uzantilan nerede kesi§irse goriintiiniin tepe 
noktasi orasi sayilacak ve asal eksenden olan uzakligi cismin boyu ile kar§ila§tirmak igin kullanilacaktir. 

21 . (^ukur aynada merkezin otesindeki cismin goriintusuniin nerede olu§acagini KAGOAD iizerinde 
ogrenmeye gali§alim. Oncelikle Merkez noktasmm size gore sag tarafmda asal eksen iizerinde 
§ekerlerden koyarak cisim olu§turun. Sonra ucunda IV. tip igneler olan ipin bir ucunu cismin tepe 
noktasrna saplayrn (21.1). ip sola dogm yani gukur aynaya dogru ilerlemelidir. Ancak bn ilerleyi§ asal 
eksene paralel olmalrdrr. Gismin boyunu i§aretledigimiz igin §ekerleri yerinden kaldrrrp cismi merkeze 
ta§ryalrm (21.2). Buraya da IV. tip bir igne saplayalrm. Gismi gukur aynanrn odak noktasrna 
koydugumuzda bir kez daha IV. tip ignelerden saplayalrm (21.3). Boylece tiim IV. tip ignelerin 
iizerinden gegen ip dogrusal ve asal eksene paralel bigimde gukur aynaya ula§rr (21.4). (^ukur aynadan 
yansrmadan once ipi igneye sarmalryrz. Ardrndan odak iizerinden gegecek §ekilde germeli ve yansryan 
r§rgr yani ipligi o halde, gergin bigimde brrakmalryrz (21.5). Gismin tepe noktasmdan diger ipin odak 
noktasrna dogru uzatrlmasr gerekir (21.6). Bn cismin tepesinden odaga ula§rp aynaya dii§en gergin ip, 
igneye dolanmalr ve paralel ilerlemesi igin tekrar §ekerlerden yararlanrlmalrdrr. Paralel r§rn olabildigince 
gergin bigimde sabitlenmelidir (21.7). iki gergin ve yansrmasr tamamlanmr§ r§rn igin kesi§im noktasr IV. 
tip igne ile belirlenmeli ve asal eksene olan uzaklrgr §ekerlerle olgiilmelidir (21.8). Merkezin ilerisine 
konulan cismin goriintiisu ters, cisimden kiigiik ve odak ile merkez arasrnda olu§malrdrr. 
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22. Cisim merkezde ise goriintii merkezde, ters ve cisim ile ayni boyda olu§ur. Bu incelememizde 
paralel i§in di§inda gonderilen ikinci i§ini cismin tepe noktasindan gukur aynanin tepe noktasma i§in 
gonderelim. Tepe noktasmdaki III. tip igneye dolayip asal eksenle e§it agi yapacak bigimde yansitilabilir 
ve sonra kesi§imlerine bakilabilir. Tepe noktasma i§in gondermek diger incelemelerde de kullamlabilir 
ancak agiortay olu§turmak kolay olmadigmdan ikinci i§ini tekrar odaktan gegirip paralel yansitmanm 
daha kolay olacagim tahmin etmekteyiz. 
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23. Merkez ile odak arasina konan cismin goruntiisu, ters, cismin boyundan biiyiik ve merkezin di§inda 
olu§ur. 






24.Cisim odakta ise tiim i§inlar birbirine paralel gidecegi dolayisiyla kesi§meyecegi igin teorik olarak 
sonsuzda olu§acagi ifade edilir. 



1 








25. Cisim odak ile tepe noktasi arasinda ise goriintu diiz, daha biiyiik, aynanin arkasinda ve sanal olarak 
olu§ur. Bu sonuca yansimalan gergekle§tirdikten sonra i§inlann birbirinden uzakla§tigini belirledikten 
sonra ters ybnde ipi uzatip uzantilannin kesi§iminden ula§ilabilir. ^ukur aynanin arkasmdaki bu 
gbruntiiye sanal goriintu denilmektedir. Yansiyan i§inlann kesi§imi degil yansiyan i§inlann uzantilannin 
kesi§imi goruntuyii olu§turur. (^ukur aynadan yansiyan i§mlar dikkat ettiniz ise birbirinden zamanla 
uzakla§maktadir. 




26. I§igin dogrultusunu uzatip kesi§imlerinden goriintu elde etme olayi, gukur aynada sadece odak ve 
tepe noktasinda iken tiimsek aynalardaki tiim cisimlerin gbriintiisii odak ile tepe noktasi arasina dii§er ve 
gbriintii sanaldir. 

27. Tiimsek aynalarla gali§mak igin gembersel ignelerin sag tarafmdaki III. tip igneler kullanilacaktir. 
Cisim yine aynanin sag tarafma konulacak, i§ik aynaya ula§mcaya kadar sagdan sola dogru ula§tiktan 
sonra ise soldan saga dogru ilerleyecektir. Aynanin sol tarafma i§ik gegemeyecektir. 
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28. (^ukur aynalar i§igi toplarken, tiimsek aynalar i§igi dagittigi igin tiimsek aynalarda gdriintu dagilan 
i§inlann kesi§iminden yani aynanin arkasmda, kiigiik, sanal ve diiz olarak olu§acaktir. 



29. Paralel gelen i§mlar, uzantisi odaktan gegecek §ekilde sagilir. Tepe noktasma gonderilen i§in ise 
geli§ agisina e§it bir agiyla yansir. Bunu §ekerleri kullanarak bulabiliriz. §ekerler once cismimiz olur ve 
tepesinden i§ini tiimsek aynanin tepe noktasma gondeririz. Sonra aynadan yansiyan i§ini bulmak igin 
ayni boydaki §ekerleri asal eksenin altma yerle§tirir ve tiimsek aynanin tepesine gelen i§mm asal 
eksende ters duran §ekerlerimizin tepesinden gegecek §ekilde yansimasim saglanz. I§mm yansimasim 
gergekle§tirdikten sonra uzantilann kesi§imine bakanz. Paralel gbnderdigimiz ve tepe noktasma 
gbnderdigimiz iki i§m kesi§memektedir ama uzantilari kesi§mektedir. Sanal goriintiimiiz bu uzantilann 
kesi§tigi noktada olu§acaktir. 
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